Introduction {#sec1-1}
============

Hepatitis E virus (HEV) is the agent largely responsible for epidemic as well as sporadic hepatitis in the developing countries.([@ref1][@ref2]) The virus is transmitted by the feco-oral route, often through contaminated water. Acute viral hepatitis is a major public health issue in the developing nations that have inadequate sanitary conditions, inadequate safe drinking water, and sewage disposal problems.([@ref2][@ref3][@ref4]) Recognition of early warning signals, timely investigation and application of specific control measures can limit the spread of the outbreak and prevent deaths.

In March 2013, we received the information from medical officer in-charge, Lalkuan Primary Health Center (PHC), that several people were presenting to the hospital with acute hepatitis from ward no-5, of Lalkuan. An investigation team visited the affected area immediately because an epidemiological investigation was required in this situation to determine the existence of epidemic of jaundice if any, to identify the source, and to recommend and adopt control measures.

Materials and Methods {#sec1-2}
=====================

A criterion for diagnosis of acute hepatitis was defined as those cases that have/had jaundice with at least one of the following symptoms: Dark urine, fever, pain in abdomen, vomiting, and loss of appetite between January and March 2013. Intensive door-to-door survey was carried out. For all cases, information on personal details, time of onset, and source of drinking water were obtained. Randomly 13 sera from cases were collected for immunoglobulin M (IgM) antibodies for hepatitis A virus (HAV) and HEV by enzyme-linked immunosorbent assay (ELISA; DSI, Italy provided by IDSP, Uttarakhand).

Information regarding water quality, source of water supply, and drainage system were collected. Estimation of residual chlorine was performed at distribution level and from randomly collected consumer levels of the water distribution system. However, coliform count could not be performed due to logistic problem.

Results {#sec1-3}
=======

Ward no-5 in Lalkuan has a population 2,785 as per PHC record. A total of 240 cases of jaundice (overall attack rate 8.62%) were reported in March 2013. There was an initial cluster in the last week of February 2013 followed by a peak in the 3^rd^ week of March 2013 and then a gradual decline in the number of cases was observed. The epidemic curve showed no secondary peaks of incidence \[[Figure 1](#F1){ref-type="fig"}\].

![Epidemic curve of acute hepatitis cases in Lalkuana, Nainital District, 2013](IJCM-39-94-g001){#F1}

The signs and symptoms of the affected persons included jaundice (100%), loss of appetite (60.2%), pyrexia (78.5%), malaise (36.6%), high colored urine (99.6%), vomiting/nausea (56%), and pain in right hypochondria (55.9%) \[[Table 1](#T1){ref-type="table"}\].

###### 

Clinical profile in acute viral hepatitis cases (*n* = 240) in Lalkuan, Nainital

![](IJCM-39-94-g002)

There were 135 males and 105 females affected. The attack rate in males was 10.21% and 7.18% for females and the difference was statistically significant (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\].

###### 

Age and sex wise distribution of cases of acute hepatitis in Lalkuan, Nainital

![](IJCM-39-94-g003)

The disease affected all the age groups, but the attack rate was much more among the age group of \>12 years (9.65%) and the difference was statistically significant (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\].

Out of the 13 sera collected, 10 were found positive for the hepatitis E IgM antibody and rest three were positive for both HEV and HAV IgM antibodies by ELISA (DSI, Italy).

The higher attack rates of viral hepatitis was found in those, consuming water supplied from the leaking water pipelines passing adjacent to sewage pipeline, as compared to those who consumed water supplied from other pipelines indicating that the present outbreak was due to sewage contamination of drinking water supply. The difference in the attack rate was also found to be statistically significant (χ^2^ = 574.26, degrees of freedom (df) = 1, *P* \< 0.01) \[[Table 3](#T3){ref-type="table"}\].

###### 

Attack rates in persons complaining of leaking water pipeline
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Discussion {#sec1-4}
==========

This study confirms the fact that there was an epidemic of infective hepatitis E in Lalkuan, Nainital District in March 2013. HEV causes a major public health issue in India. Similarly other studies reported HEV as the most important cause of all the clinical types of hepatitis commonly found in India.([@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12])

Out of the 13 sera collected, 10 were found positive for the hepatitis E IgM antibody and rest three were positive for both HEV and HAV IgM antibodies by ELISA (DSI, Italy). In other studies also hepatitis E was the major cause of the outbreak.([@ref7][@ref11][@ref12])

Attack rate of acute viral hepatitis ranging from 1.9 to 17% have been reported from various studies from India.([@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]) The overall attack rate in the present study was 8.61%, comparable with the other studies.([@ref9])

Similar to other studies in India,([@ref15][@ref16]) we also found that all cases had jaundice, 78.5% had history of fever and 99.6% had dark colored urine.

The attack rate in males was 10.21% and 7.18% for females and the difference was statistically significant (*P* \< 0.001), higher attack rates in males have also been reported in other studies from India.([@ref11][@ref17])

This study showed that population of \>12 years showed significantly more number of cases as compared to \<12 years of age \[[Table 2](#T2){ref-type="table"}\]. The age distribution of HEV cases in our study was similar to previously described studies.([@ref7][@ref8][@ref9][@ref12][@ref15]) In developing countries HEV is maintained as sporadic cases in the community and children acquire the infection in early life making them immune to another attack.([@ref7])

This outbreak started in last week of February 2013, reached peaked in 3^rd^ week of March 2013 and then started declining. No secondary peak was observed, similar finding were reported by varied studies.([@ref6][@ref10][@ref15]) Hepatitis E epidemics are frequently unimodal and short-lasting. Some have been multimodal, but even in such epidemics, new cases stopped appearing soon after water contamination was controlled.([@ref18])

Hepatitis E outbreaks have been reported in urban areas whenever there is a break in the quality of water supplied including water chlorination.([@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref17][@ref19][@ref20]) In the present study out of 756 persons who gave the history of turbid water supply and leakage in water supply pipelines, 29.4% of them suffered from acute viral hepatitis. Whereas, rest 2,029 person who had not given the history of turbid water supply suffered less (0.84%) and this difference was statistically highly significant (χ^2^ = 574.26, *P* \< 0.01). Hence, clear association was observed between turbid water supply and occurrence of cases of hepatitis in the present study. Residual chlorine was also found less in most of the water sample tested in various affected areas during the time of outbreak investigation.

The main source of water supply in Lalkuan area is tap water supplied by the Jal Sansthan for 1-2 h in the morning and 1 h in evening. Complains of turbid water supply were received from affected area. There was also a history of leakages in drinking water pipelines and overflowing drains in the area. Old dilapidated network in town, develop leakages. This result in entry of polluted water into the pipes when supply is closed.([@ref21]) We also confirmed the finding with the help of management staff at the Jal Sansthan in the affected areas. It was observed by the investigating team that many of the affected households had installed the electric motor system directly in the municipal water supply system as the pressure of the water was low during the supply hours.

As soon as the epidemic was noted, safe water supply was made available to the inhabitants through mobile Jal Sansthan water tanks and the local people were advised to boil the drinking water. Chlorine tablets were distributed to all houses in the affected areas. Simultaneously, extensive health education was provided. A meeting was held with the district magistrate in which the local elected representative, officials from Nagarpalika, Jal Sansthan, and health department participated. The appropriate authority (Nagarpalika, Jal Sansthan) were requested to repair the leaking water pipe line. Nagarpalika, Jal Sansthan took initiative to repair the leaking pipe. Due to active intervention like health education, provision for safe water by tanks and chlorination, the outbreak subsided.

Conclusions {#sec1-5}
===========

Based on the above observations, it was concluded that, the present outbreak was due to fecal contamination of drinking water supplied to the affected areas, which occurred due to old and corroded leaking pipelines passing close to old leaking sewage lines.

The recognition of early warning signals, timely investigation, and application of specific control measures can contain the outbreak and decrease morbidity and mortality. Recommendations based on the outbreak investigation would also prevent future outbreaks.

Limitations {#sec2-1}
-----------

Water samples were not tested for the coliform count which could have further supported our findings in this study. Only 13 blood samples were tested for markers of hepatitis due to limited resources.
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